I. Introduction
The baseline DARHT-II converter target consists of foamed tantalum within a solid-density cylindrical tamper. The baseline design has been modified by D. Ho to further optimize the integrated line density of material in the course of multiple beam pulses. LASNEX simulations of the hydrodynamic expansion of the target have been performed by D. Ho (documented elsewhere). The resulting density profiles have been used as inputs in the MCNP radiation transport code to calculate the X-ray dose and spot size assuming a incoming Gaussian electron beam with σ=0.65mm, and a PIC-generated beam taking into account the "swept" spot emerging from the DARHT-II kicker system. A prerequisite to these calculations is the absorption spectrum of air. In order to obtain this, a separate series of MCNP runs was performed for a set of monoenergetic photon sources, tallying the energy deposited in a volume of air. The forced collision feature was used to improve the statistics since the photon mean free path in air is extremely long at the energies of interest. A sample input file is given below. The resulting data for the MCNP DE and DF cards is shown in the beam-pulse input files, one of which is listed below. Note that the DE and DF cards are entered in column format for easy reading.
II. Simulation and Results
The geometry used to study the problem is shown in figure 1. The volumes within the tamper region have their densities set to the values calculated by LASNEX for each pulse. The resulting density profiles at the beginning of pulses 2, 3, and 4 are shown in figures 2-4. The DARHT-II beam is generated using the MCNP general source to produce a Gaussian at a waist, with a "flat" thermal profile with a maximum thermal angle corresponding to a normalized emittance of 1500 π-mm-mrad. This is the best possible representation within MCNP without using combined PIC/MCNP techniques, which require more time. The output of the MCNP runs is the on-axis dose in air at one meter, per nanosecond of pulse at 2kA and 20MeV. This is multiplied by the pulse lengths to produce the results shown in figure 5 . The total dose and that due only to photons in the 1-10 MeV range are tallied. Also, a perfect knife edge is placed one meter from the target and the X-ray shadow at two meters is measured with a vertical array of MCNP detector elements. The derivative of the shadow represents the effective X-ray spot, shown in figure 6. Figure 7 shows the results of fitting a Gaussian profile to these curves; note that the distributed target does result in moderate spot growth, up to 10% relative to the incoming electron beam; only 6% relative to the X-ray spot size at the first pulse. An examination of the LASNEX density profiles shows that the radial compression wave increases the apparent spot size by providing a heavier weighting of the outer parts of the electron beam. Note that no attenuation is assumed between the target and the one meter mark.
Several figures of merit can be examined to validate these results. The representation of the density profile in MCNP is somewhat crude but the integrated values are quite reasonable. The on-axis line density in the MCNP model is 1.28, 0.42, and 0.3 g/cc for pulses 2, 3, and 4 respectively; the corresponding LASNEX values are 1.0, 0.5, and 0.3. It seems surprising that the dose per ns at pulse 4 is 0.8 of the full value even though the on-axis line density has fallen to 0.2 of its nominal value. However, the volume-averaged and beamweighted line density is 0.47. Comparing this value with a curve of energy flux produced versus line density (see figure 8) indeed shows that the flux is only down to 80% of the total. Thus the averaged line density could drop to as low as 0.16 g/cc and still meet the specifications for the fourth pulse. Another case with decidedly different behavior has been examined. A PIC representation of the "swept" beam profile resulting from the DARHT-II kicker system (provided by B. Poole) has been used as input in MCNP for similar dose and spot size calculations. These are done at a beam energy of 18.4 MeV; however, it should be noted that the density profiles used for each pulse are those corresponding to the 20 MeV Gaussian, since LASNEX data was not available for the swept case.
The dose calculation is shown in figure 9 . The pulse lengths have been adjusted to compensate for the change in energy relative to 20 MeV. Despite this adjustment, the goal doses are no longer met by this non-ideal beam; the required dose is still obtained. There is some anomalous behavior: note that the dose rate (rad/ns) corresponding to the different pulses is not monotonic; it increases, then decreases.
The spot size behavior is also anomalous (see figure 10) . The X-ray MTF sizes are smaller than that of the incoming electron beam. This is not, in general, impossible but does put constraints on the distribution of target material, requiring that the beam maintain positional/angular correlations in the presence of scattering. It is unlikely that this occurs in the target; it is more likely that this spot behavior is an artifact of using a density profile that was produced by a different beam distribution.
Finally, phase plots of this beam are shown in figures 11-13.
III. Conclusions
The radiographic performance of the foamed DARHT-II meets the multi-pulse dose requirements but requires some further investigation for spot size, due to possible effects of kicker sweep. Note that this statement takes the LASNEXgenerated hydrodynamic performance as a "given." Figure 10. X-ray spot sizes for PIC-generated "swept" beam. $ right edge to tamper 3 0 2 -3 -9 11 $ above 1st third of tamper 4 0 3 -4 -9 13 $ above middle of tamper 5 0 4 -5 -9 15 $ above end of tamper 6 0 5 -6 -9 $ tamper to knife edge 7 0 6 -7 16 -9 $ above knife edge 8 0 6 -7 -16 -9 $ knife edge 9 0 7 -8 -9
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